Introduction
Approximately 20-50% of transplant survivors experience chronic graft-versus-host disease (GvHD), the most common late complication of allogeneic hematopoietic cell transplantation (HCT). Chronic GvHD is an iatrogenic complication of HCT that occurs when the donor's immune system attacks the recipient's tissues. The onset is typically 4-6 months after transplantation and three or more organs are involved in the majority of cases. 1 Risk factors include older age of the recipient, use of peripheral
Interventions that prevent chronic GvHD have been associated with a lower symptom burden and better functional status in randomized controlled trials. 5, 6 The impact of chronic GvHD on QOL as measured by the National Institutes of Health (NIH) Patient-Reported Outcomes Measurement Information System (PROMIS) instruments has not been reported 7 and currently the PROMIS measures are not included in the list of recommended scales for chronic GvHD assessment in clinical trials.
Interest in preventing and treating chronic GvHD has increased in the last 5-10 years with a growing recognition of the impact that this complication has on the long-term health of survivors. There are better options to prevent 6, [8] [9] [10] [11] [12] and treat chronic GvHD, 13, 14 and an increasing number of reports about biomarkers and insights from animal and human studies on its pathophysiology. [15] [16] [17] In August 2017, ibrutinib became the first drug approved by the Food and Drug Administration for the management of chronic GvHD that persists or progresses after treatment with steroids. 18 The goal of this study was to describe the QOL scores and health status of patients with active chronic GvHD of differing severity compared to those with resolved chronic GvHD or those who had never had chronic GvHD. We also aimed to investigate the PROMIS measures in chronic GvHD relative to established measures of QOL in longterm HCT survivors.
Methods

Participants
Questionnaires are sent annually to transplant survivors as part of the Fred Hutchinson Cancer Research Center (FHCRC) longterm follow-up research program. Non-responders to the initial survey are sent a reminder letter 1 month later. All patients who underwent allogeneic transplantation from any graft source at FHCRC and who consented to allow their information to be used for research purposes were included. Patients were aged 18 or greater at the time of the survey. The analyzed data were from surveys administered by mail or online, according to the participants' choice, from July 1, 2015 to June 30, 2016. The dataset was sealed as of September 30, 2016. The Institutional Review Board of FHCRC approved the study, and all patients provided written informed consent at the time of their transplants.
Data collection instruments
The core survey includes questions about QOL, symptoms, medical complications, medications, work status and chronic GvHD. In the chronic GvHD section, patients report having never had chronic GvHD, having had chronic GvHD but it resolved, or having current mild, moderate or severe involvement. Definitions were not provided for these categories. Patients also report their work/school status, whether they have had certain medical complications, and whether they are taking medications for specified conditions. An abbreviated comorbidity score consists of selfreported pulmonary disease, avascular necrosis, adrenal insufficiency and diabetes since these co-morbid conditions were previously associated with QOL. 19 The core survey also includes the Medical Outcomes Study Short Form-36 (SF-36) health survey. The SF-36 is a 36-item multidimensional QOL instrument with population norms. 20, 21 Two summary scales, the physical component score (PCS) and mental component score (MCS), are normalized to a T score of 50 with a standard deviation of 10. Higher scores indicate better QOL. A clinically meaningful difference is 0.5 times the standard deviation, so scores <45 or >55 are considered to have clinical significance. There are also eight subscales: physical functioning, role physical functioning, emotional functioning, role emotional functioning, fatigue, social functioning, pain and general health.
Each year, a different module is added to the long-term followup core survey and, for this analysis, included the PROMIS Global Health 10, PROMIS-29 v2.0, and the Lee chronic GvHD symptom scale (LSS). The PROMIS Global Health 10 measure comprises ten items with two summary scores for physical and mental functioning. The PROMIS-29 contains 29 scored items and seven subscales: for the physical and social functioning scales, higher scores indicate better functioning; for fatigue, pain, anxiety, depression, and sleep scales, higher scores indicate a greater symptom burden. 22 Similar to the SF-36, scores are normalized to 50 with a standard deviation of 10 with higher scores indicating better functioning, and scores greater than 0.5 times the standard deviation (i.e., <45 or >55, compared to the general population) are considered clinically meaningful.
The LSS is a 30-item measure with one summary score and seven domains: skin, mouth, eye, lung, psycho-emotional, vitality and nutrition. 23, 24 Higher scores indicate greater symptom burden. Half of the cases received the LSS with a 1-month recall period and half received a 1-week version; results were combined for analysis because there was no statistical difference between the aggregate scores for the two versions (data not shown). Scores may be calculated if more than half of the items in a subscale are answered. Scores range from 0-100 with higher scores indicating greater symptom burden. A difference of 6-7 points on the summary score is considered clinically meaningful but since this scale measures chronic GvHD symptoms, general population norms are not available.
Clinical and transplant variables
Clinical information retrieved from the institutional database included patient's age, sex, diagnosis, disease stage, conditioning regimen, donor type, graft source, GvHD prophylaxis, diagnosis of chronic GvHD, post-transplant relapse and vital status.
Statistical analysis
Patient, transplant and chronic GvHD characteristics and known characteristics of responders and non-responders were compared using chi-square or Fisher exact tests and t-tests for categorical and continuous variables, respectively. Only patients who answered the chronic GvHD question on the survey were included in this analysis because this question was used to classify whether chronic GvHD was currently active and its severity. This information is not captured in the transplant database; only the onset date and maximum severity are routinely recorded.
Patient-reported surveys were scored according to the directions of the developers, including methods for handling missing data. Multivariate linear regression models were used to examine the associations between the SF-36, PROMIS and LSS scores and potential explanatory variables including those from the medical record: patient's age and sex, conditioning intensity, donor type and graft source, diagnosis of chronic GvHD, post-transplant relapse, time since transplant, and variables from the patient-self-reported survey: severity of chronic GVHD, and presence of any of four comorbidities (pulmonary disease, avascular necrosis, adrenal insufficiency or diabetes) previously associated with QOL. 19 Work or school status was categorized as: (i) work, school or homemaking full or part time, or retired by choice; (ii) not working, not in school or retired due to health problems, and unemployed.
Because of multiple comparisons, P-values less than 0.01 were considered statistically significant.
Results
The survey was sent to 3027 recipients surviving one or more years after allogeneic HCT and 1377 responded (overall response rate 45% [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] for all respondents whose chronic GvHD status was known and 6 years (IQR 2-13) for those with current chronic GvHD. Table 1 shows the characteristics of the groups of patients divided according to their self-reported current chronic GvHD status, excluding the 328 who responded to the survey but did not answer the chronic GvHD questions. There were 377 who had never had chronic GvHD and 280 whose chronic GvHD had resolved by the time of the survey. Of those with current chronic GvHD, mild involvement was reported by 257, moderate involvement by 110, and severe involvement by 25. Overall, the groups were significantly different for all characteristics examined except for age. Patients who had never had chronic GvHD or whose chronic GvHD had resolved were more likely to have had matched related donors, myeloablative conditioning, high dose total body irradiation and to have survived longer since HCT. They were less likely to have received peripheral blood as the source of their graft.
Because of these cohort differences, all of these factors were included in the multivariate models. Starting in 1992, the database captures date last seen at FHCRC. Among the 1043 patients who had a date of last visit recorded, the median time since last being seen at FHCRC was 9.9 years (IQR 2.8-22.2) for patients with no chronic GvHD, 13.3 (IQR 7.0-20.9) for those whose GvHD had resolved, 1.2 (IQR 0.3-8.4) for mild, 0.8 (IQR 0.2-4.8) for moderate and 0.7 (IQR 0.2-9.5) for severe chronic GvHD. Table 2 shows the raw scores of the different instruments for the chronic GvHD subgroups, as well as the comparisons between never versus resolved chronic GvHD and, for those with active chronic GvHD, between selfidentified mild, moderate, and severe chronic GvHD. Patients whose chronic GvHD had resolved reported scores similar to those who reported never having had chronic GvHD on nearly all subscales. Exceptions were seen with the LSS in which patients with resolved chronic GvHD still reported more mouth, eye and nutritional symptoms and had higher summary scores than those never affected by chronic GvHD, although none of these differences was considered clinically meaningful (i.e., all <0.5 standard deviations). Patients with mild chronic GvHD had statistically significant worse scores than patients with resolved chronic GvHD in many domains (data not shown) but these differences were not considered clinically significant by virtue of the 0.5 standard deviation criterion. In contrast, among patients with current chronic GvHD, scores varied as expected between those with selfreported mild and those with moderate and severe chronic GvHD for all scales. Patients with moderate or severe chronic GvHD reported scores in multiple physical, mental and symptom domains that were both statistically and clinically worse than those of patients whose chronic GvHD had resolved, as shown by the bold values in Table  2 . However, we did not detect any statistically significant differences between patients with moderate and severe chronic GvHD (data not shown).
A similar pattern was seen for the physical functioning scales of the SF-36 and PROMIS Global Health ( Figure 1A) , the mental functioning scales of the SF-36 and PROMIS Global Health ( Figure 1B ) and the physical and social subscales of the PROMIS-29 ( Figure 1C ).
Presence and severity of Chronic GvHD remained pre- dictors of QOL scores even after adjustment for sex, age, conditioning intensity, total body irradiation, prior relapse, donor and graft type and an abbreviated comorbidity score. Patients with any degree of chronic GvHD reported worse health and a greater symptom burden than patients with resolved chronic GvHD (Table 3) . Table 4 shows health status according to chronic GvHD category. In general, the groups of patients differed significantly in self-reported Karnofsky performance status, organs still affected by chronic GvHD, diagnosis of osteopenia or osteoporosis and adrenal insufficiency, use of prednisone, other immunosuppressive medications and antibiotics to prevent infections, use of medications to prevent or treat osteoporosis, and prescription medication use for pain, anxiety and depression. Patients with active mild, moderate or severe chronic GvHD were less likely to work, be in school or be homemakers due to their health problems. No differences were detected in the proportions of patients with self-reported pulmonary disease, avascular necrosis or diabetes.
Discussion
The goal of this study was to describe the QOL scores and health status among patients with active chronic GvHD of differing severity and compare them to those of patients with resolved chronic GvHD or those who had never had chronic GvHD, with an emphasis on the PROMIS measures relative to the SF-36. Patients with resolved chronic GVHD reported QOL similar to patients who had never had chronic GvHD for most instruments, although they continued to have more mouth, eye, nutritional and overall symptoms. Among patients with current chronic GvHD, moderate or severe chronic GVHD was associated with worse patient-reported outcomes than mild disease for all QOL and symptom measures, confirming that PROMIS measures can detect these differences and are comparable to established measures of the impact of chronic GvHD on QOL.
A previous 2006 study found similar QOL in patients without chronic GvHD and those whose chronic GvHD had resolved. 25 Our findings confirm this observation and extend it by including a number of validated multidimensional QOL instruments and other measures of health status. These observations suggest that prevention and treatment of moderate-severe chronic GvHD rather than mild disease should be targeted in clinical trials. In support of this recommendation is our finding that patients with moderate or severe chronic GvHD were much more likely to still require immunosuppressive treatment and to be taking prescription medication for pain, anxiety and depression. Our
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haematologica | 2018; 103(9) data further suggest that current interventions are insufficient in controlling the impact of chronic GvHD on QOL. The fact that chronic GvHD remained a significant predictor of QOL despite inclusion of comorbidities suggests that chronic GvHD is associated with additional detrimental comorbidities or causal pathways beyond those included in the analysis. In addition to organ dysfunction and symptoms directly caused by chronic GvHD, patients with chronic GvHD require medications that often have side effects, need frequent appointments for medical monitoring, have functional deficits and environmental limitations, and suffer from frequent infections. These factors can all have a negative impact on QOL.
We found that the NIH PROMIS measures seemed to perform well in distinguishing patients who had never had chronic GvHD or whose chronic GvHD had resolved from those with mild disease and those with moderatesevere disease, suggesting that they could be used in place of the SF-36. The NIH PROMIS measures have a number of advantages over other commonly used instruments in HCT. First, they are available at no cost and feature valid translations in multiple languages. Second, the scales are available in various lengths and can be combined as needed allowing significant flexibility to investigators. Third, the scales can be administered with computer-assisted technology that uses item response theory to minimize Chronic GvHD, PRO and health status haematologica | 2018; 103 (9) 1539 26 We recognize a number of caveats regarding our study. This is a single institution, cross-sectional study and reflects the patient population and practices of one institution. The response rate was 45%, which is lower than ideal but adequate to conduct analyses given the sample size. This is a late survivorship population with a mean of 13.8 years since HCT, and only 25 participants reported severe chronic GvHD. We hypothesize that chronic GvHD may have already exacted a toll so that those with the highest morbidity died prior to the survey or did not participate, thus potentially biasing our results and leading to an inability to differentiate moderate from severe chronic GvHD. This hypothesis is supported by a lack of difference in the frequency of well-known steroid-associated complications such as avascular necrosis and diabetes. Additional studies to show that the range of the PROMIS measures is sufficiently sensitive for patients with extreme levels of dysfunction are necessary. Nevertheless, we were able to show significantly compromised QOL and functional status for patients with moderate or severe chronic GvHD, and the PROMIS measures were able to detect differences between chronic GvHD categories. Another limitation is that the analysis is based on self-reported chronic GvHD severity since most patients did not have a recent clinical severity assessment by a transplant expert. Unfortunately we do not have concurrent clinician-assessed or NIH-classified severity information for this population. Finally, because this is a crosssectional study, patients were analyzed according to their self-reported category at the time of the survey. A longitudinal study is needed to confirm that patients who move from moderate-severe to resolved chronic GvHD have improved QOL, ideally, similar to those who had no or mild chronic GvHD. This information would be encouraging to patients currently being treated for chronic GvHD.
A B C
In conclusion, among patients with current chronic GvHD, moderate to severe chronic GvHD is associated with worse QOL scores whether measured by the SF-36, PROMIS Global Health, PROMIS-29 or LSS, and the SF-36 and PROMIS measures provide comparable score profiles. Prevention or better treatment of moderate to severe chronic GvHD is important in order to minimize adverse effects on QOL and health status for allogeneic transplant survivors. Patients whose chronic GvHD resolves appear similar to those who have never had chronic GvHD, except that they continue to have statistically but not clinically worse mouth, eye, nutritional and overall chronic GvHD symptoms. The freely available, concise and flexible PROMIS Global Health and PROMIS-29 measures seem to perform as well as the SF-36 in capturing the multi-dimensional QOL of these patients. 26 Thus any of these multi-dimensional measures could be used along with the LSS for assessing QOL in HCT clinical trials.
